Sample Preparation
Fig. S1: Absorption spectrum of GPR A178R solubilized in 0.05 % DDM at pH 7.5 reveals high sample purity. 
Synthesis of [14,15-13 C 2 ]-all-trans-Retinal
[14,15-13 C 2 ]-all-trans-retinal has been synthesized previously (1), although a modified route was adopted in this work. The synthesis is summarized in schemes 1 and 2, starting from ethyl [ 13 C 2 ]-bromoacetate (99 atom % 13 C, Sigma-Aldrich) and β-ionone. Thus, ethyl [ 13 C 2 ]-bromoacetate was converted to the known labeled phosponium ylide 2 (2) , which underwent an E-selective olefination with hydroxyacetone to afford allylic alcohol 3 (3) . The alcohol 3 was converted to the bromide 4 followed by Arbusov reaction with trethylphosphite to provide the doubly 13 C-labeled phosphonate 5 (3).
Scheme 1. Synthesis of [1,2-13 C 2 ]-(E)-ethyl 4-(diethoxyphosphoryl)-3-methylbut-2-enoate
The all-trans trienal 8 was obtained by Horner-Wadsworth-Emmons reaction between β-ionone and triethyl phosphonoacetate followed by ester reduction and alcohol oxidation (4) (5) (6) . The aldehyde 8 is rather sensitive towards isomerization and care should be taken during purification and storage (4) .
[14,15-13 C 2 ]-all-trans-ethyl retinoate (9) was obtained from reaction of lithiated derivative of phosphonate fragment 5 with aldehyde 8 (7). The ester functionality was reduced to the allylic alcohol using LiAlH 4 , followed by oxidation using MnO 2 to deliver the required [14,15-13 C 2 ]-all-trans-retinal (10) (7). Spectroscopic and physical data for [14,15-13 C 2 ]-all-trans-retinal were consistent with the reported data (1). 15 N-GPR A178R due to signal overlap with resonances from the His-tag (not shown). Spectra were recorded on a 600 MHz spectrometer equipped with a 4mm MAS probe head at 270 K and 10 kHz MAS sample rotation rate. For GPR A178R approx. 10 mg protein and 21k scans and for GPR approx. 18 mg protein and 10k scans were used.
Fig. S4:
Comparison of NCA spectra of GPR A178R (blue) with GPR (red). Resonances were assigned using NCACX and NCOCX experiments and were compared to those reported for GPR (8) . A summary is given in Tab. S1.
Fig. S5:
Comparison of NCO spectra of GPR A178R (blue) with GPR (red). Resonances were assigned using NCACX and NCOCX experiments and were compared to those reported for GPR (8) . A summary is given in Tab. S1.
Tab. S1: Overview of residues affected by the A178R mutation Only those resonances are listed for which a chemical shift change >0.2 ppm in GPR A178R compared to GPR has been observed. (Fig. 3A) PDSD, Cd-Ca (Fig. 3C) Fig. S4 PDSD, Cb-Ca (Fig. 3C ), Cg-Ca (Fig. 3B ), CdCa (Fig. 3F ) PDSD, Cb-Ca (Fig. 3C ) PDSD, Cg-Ca (Fig. 3C Both signals for ESA and SE evolve and decay on the same time-scale since both reflect the lifetime of the excited state. As can be seen, the lifetime of the excited state in GPR is dramatically shortened at pH 9 compared to pH 6, which is much less the case for GPR A178R . The transient absorbance signal monitored at 579 nm is mainly caused by the decay of the GSB at early delay times and the photoproduct formation at longer delay times. No GSB decay at early delay times is observed for GPR at pH 9.
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Fig. S7:
Amplitude spectra (decay associated spectra, DAS) for GPR A178R were calculated from the time constants in Tab. 1. Spectra for all five time constants at both pH values are very similar, which indicates that also the underlying processes are similar.
Interpretation of time constants from Tab. 1 and Fig. S7 : Photoexcitation leads to the transition of the all-trans retinal into the first electronic excited state (S 1 ). The amplitude spectrum (Fig. S7) for τ 1 contains positive amplitudes for wavelengths around 550 nm and negative amplitudes at the red and the blue end of the recorded spectrum, suggesting the formation of an excited state population within τ 1 . τ 1 is therefore attributed to the motion of the initially generated wave packet out of the FranckCondon region. The amplitude spectrum for τ x contains contributions at shorter wavelength, suggesting an excited state relaxation that is not observed in GPR. The time constants τ 2 and τ 3 can be assigned to the decay of the excited state population, due to their positive amplitude in the spectral range between 450 nm and 550 nm and negative amplitude in the spectral region of the stimulated emission. Therefore both time constants are attributed to the decay of the S 1 -state involving first a bond-stretching mode and later a torsional mode around the C13-C14 bond leading to the conical intersection with the ground state.
For GPR the time constant τ 3 is explained by a population decaying on a different way via a local energetic minimum on the S 1 potential energy surface that is separated from the conical intersection (CI) by a potential energy barrier (9) . However the spectra for τ 2 and τ 3 are spectrally equal for GPR, while they differ in GPR A178R , indicating that the S 1 potential energy surface is dramatically altered in GPR A178R . Moreover the DAS for GPR A178R are quite similar. Only a small shoulder of the absorption band around 500 nm is missing in the DAS of τ 2 at acidic pH, which can be attributed to the bathochromic shift at pH 6 compared to pH 9. These results show that the underlying mechanism for pH 6 and pH 9 is the same in GPR A178R . In contrast to this for GPR the ratio of τ 2 /τ 3 is altered with pH, suggesting that the faster reaction channel is more populated at alkaline pH. After crossing the S 1 /S 0 conical intersection the molecule decays radiation less either to the initial state or to the K-like intermediate containing the retinal in its 13-cis conformation. 
Supporting BLM Experiments
Fig. S9: Photocurrent of GPR (a) and GPR A178R (b) reconstituted in liposomes (E. coli total lipid (1:25 mol/mol)) and attached to BLMs. Despite introducing the A178R mutation in the EF loop, which significantly affects photocycle kinetics, net transport of protons is observed under full illumination. The behavior of GPR under full illumination was essentially identical to that described by Friedrich and co-workers (11) . A direct comparison with GPR reveals a smaller photocurrent, but further experiments would be required for a full characterization and explanation of its proton transport characteristics. All experimental details were similar to those described by Friedrich et al. (11) . Experiment were performed at room temperature at pH7 in 20 mM HEPS buffer with 20 mM NaCl and in the presence of ionophores (5-10µM monensin; 3µM protonophore 1799 (2,6-dihydroxy)-1,1,1,7,7,7-hexafluoro-2,6-bis(trifluoro-methyl)heptane-4-one). Measurements were carried out under continuous illumination with yellow light (100 W Osram HBO mercury arc lamp).
